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In early years, due to the environmental style factor, many immigrants from Fukien residents crossed the strait, moved 
to Taiwan and built numerous Fukien Style Buildings including curtilages, temples, ancestral shrines and academies, etc. 
This is the reason why the ratios of the South Fukien Style Buildings are pretty high among the Historical Heritages. 
The history of Tainan Grand Matsu Temple, one of valuable historic sites in southern part of Taiwan, is more than 
three-hundred years, it is also an official temple, its building morphology is traditional Fukien Style and it is the 
representation of Fukien Style Building with times and structures in Taiwan. The target of this research is Tainan Grand 
Matsu Temple, using Fire Dynamics Simulator (FDS) to investigate Fire Safety Analysis regarding Southern Fukien 
Style Buildings as a reference for future fire prevention and protection. Based on this research, it is found that different 
fire locations may cause diverse losses, the more they are near the roofs, the more damages may have been caused 
owing to the structures’ features which make heat accumulation more easily. Therefore, it is essential to prevent or 
remove the fire factors around the roofs, and use the fireproof paints to postpone the fire spreading and to extend the 
response times in order to protect such Historical Heritages. 
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1. Research Motivation 
 
In recent years, the tourism industry in Taiwan is very popular; the tourism sceneries are around the 
special constructions, specific local markets and famous attractions, etc.  In order to express the local 
characters and the historical beauty in Taiwan, the tourism points are regarding the Historical Heritage and 
its reusing. For this, it is necessary to renovate the Historical Heritages. According to the Bureau of Cultural 
Heritage, Ministry of Culture
1)
, there are 761 historical sites in Taiwan up to 2013 including 91 are national 
historical sites, 383 are city historical sites, and 287 are county historical sites with total number of 1063 
historical constructions. According to Article 22 in Cultural Heritage Preservation Act: “For the renovation 
and reusing of historical sites, historical buildings and villages, which are exempted from Urban Planning 
Act, Building Act, Fire Service Act and the related regulations regarding building management, land use and 
fire safety issues.” As a result, the fire systems are not enough during the renovation process or downstream 
use for the historical heritages. In addition, the inner managements and the complicated tourists may increase 
the risk and become many fire factors in the historical heritages. The majorities of the historical heritages are 
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temples or curtilages with Fukien construction style. Owing to the cultural characteristics, it is very common 
to use fire and electricity in those occupancies for worship or daily usage. These may elevate the fire risk 
without notice and put the heritage buildings under high fire risk. If a fire breaks out, it may cause the losses 
of property and culture. 
 
 
2. Research Purpose 
 
The historical sites in Taiwan are the buildings from Japanese Occupation Period or earlier, and due to 
the space-time background and people concepts, the main material of the building is wood; according to the 
research result
2)
, 67% of the buildings are wood or semi-wood constructions. The Fukien Style Buildings are 
mixed by bricks and woods, the fire patterns of which are different from whole-wood made or RC buildings. 
In order to figure out the fire patterns and fire spreading for the buildings, and the fire components to people 
influence, this research took the computer simulation for investigation and analysis, it is expected to 
summarize the fire risk factors on Fukien Style Buildings in Taiwan. 
 
The target of the research is Tainan Grand Matsu Temple. Among the near 400 Matsu Temples in 
Taiwan, it is the first official Matsu Temple which was built in 1683 and designated the spring and autumn 
worship officially. In addition to with long history, there are a lot of valuable historical relics inside the 
temple. The structure type is complied with traditional Fukien Style (see Figure 1) in Taiwan, implying the 
unique Taiwan culture and building history with the historical value and representative. For these, it is 
anticipated that the fire characteristics of the Southern Fukien Style Buildings are able to be understood from 
the research. 
 
 
 
Figure!1: Appearance of Tainan Grand Matsu Temple 
 
3.  Research Methodology 
The research has adopted the Numerical Analysis Method to investigate the characteristics of fire 
exposure and risk in Southern Fukien Style Buildings. The Fire Simulations can be divided into two types of 
models: Probabilistic Model and Deterministic Model
4
. The
 
Probabilistic Model is based on statistical data, 
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to divide the fire growth factors into several non-sequence stages; the base of this model is from the 
experimental data and statistical data of fire incidents. The Deterministic Model is to take the physics and 
chemistry theories to predict the fire development; it is usually used in computer simulation for fire research. 
Deterministic Model also includes two kinds: one is “Zone Model,” it divides the fire space into two zones: 
hot smoke layer at the upper zone and cold air layer at the lower zone, using the balance between mass and 
energy in every zone to find solutions; the other one is “Field Model,” it cuts down the fire compartment to 
numeroussmall grids, and then take Governing Equation, such as the conservations of Mass, Momentum, 
Energy, Combustion, and Heat Transfer to find solutions. 
 
 
4. Simulation Method and Condition Illustration 
The research takes Tainan Grand Matsu Temple as the target of the simulation analysis to assess the 
influences on fire scenarios and emergency response. The building research target of the simulation is the 
main hall of Tainan Grand Matsu Temple, the grid size is uniform, the simulation range for x direction is 
from -8.0m to 8.0m, y direction from 0.0m to 14.0m, and z direction from 0.0m to 9.0m; taking 0.15m grid 
to simulate, the total number of grids are 583200 (108× 90× 60), the 3D Geometry Appearance of the Fire 
Numerical Model is shown in Figure 2. The research simulates two different fire scenarios to investigate the 
building fire from different ignition points, analyzing the fire risk after an incident on the worst case scenario, 
excluding the smoldering or heat accumulation during initial fire. In Case 1, simulating an electrical fire on 
the roof beam, the heat release rate (HRR) is referred from the research report
5) 
of Feng, Yu-Ming, a 
Taiwanese Researcher, the maximum heat release rate of household extension cable is around 425 kw/m
2
; In 
Case 2, stimulating an arson fire at the altar of main hall, the heat release rate (HRR) according to the 
calculation of gasoline combustion heat is 1573kw/m
2
, the simulation environmental temperature is 25Υ, 
and the simulation time is 600 seconds. The ignition point design is calculated according to t – squared fire 
growth curves shown as Formula (1), in addition to worst case scenario, the fire growth constant belongs to a 
“Fast” fire. 
Q =  t2                                       (1) 
Q = q × Afire                                                   (2) 
        QǺheat release rate (kW)  
                   qǺheat release rate per unit in floor area (kW/m2) 
          AfireǺburning area (m2) 
     tǺtimeȐsecȑ 
             Ǻfire growth constantȐkW /s2ȑ 
 
The growth constant which is adopted in the research is 0.04689, referring from Architecture and 
Building Research Institute, Ministry of The Interior
6)
: In Case 1, the surface area of the simulating ignition 
point is 1.42 m
2
, the fire growth time is 113.4 seconds after calculating by Formula (1) and (2); In Case 2, the 
simulating fire source is for an arson fire and the arson accelerant is gasoline, as a result, the gasoline heat 
release rate of per unit area = gasoline maximum rate of burning of per unit area x gasoline heat of 
combustion, shown as Formula (3), the surface area of ignition point is 16 m
2 
and the fire growth time is 
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197.26 seconds. 
q = ( 0.036 kg/ m
2
-s ) × 43.7 MJ / kg = 1573( kWm
2
 ) 
      
     (3) 
       
 
Figure 2: the 3D Geometry Appearance of the Fire Numerical Model 
 
There are totally 6 detection points (shown as Figure 3), as the height of the historical relics in the same 
as the staff regarding the example cases of the Fukien Style Buildings and most of the wooden flammable 
materials were located on the touchable places, the height of the detection point is 1.8 meters in order to 
analyze the degree of fire hazard between the historical relics and buildings, shown as follows: at the height 
of 1.8 meters (C1) in the central main hall, the central height of 1.8 meters (C2) in the right aisle of main hall, 
the central height of 1.8 meters (C3) in the left aisle of main hall, at the height of 1.8 meters (C4) in right 
door of main hall, at the height of 1.8 meters (C5) in right back door of main hall and at the height of 1.8 
meters (C6) in the left back door of main hall, detecting fire temperatures, radiation flux, CO concentrations 
and visibilities as the reference data for investigation and discussion. 
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Figure 3: Layout of Detection Points at the Inner Space 
 
 
5. Result and Discussion 
 
The construction materials of the wooden buildings are flammable, and the building structures are 
mutually connected. If a fire breaks out, it may spread quickly and cause spontaneous combustion in a very 
short time. According to the research of Babrauskas
7)
, the ignition temperature is between 200
 o
C to 290
 o
C, 
and the other research
8) 
indicates that the outer wall or opening of the wood material belongs to flammable 
material, if the surface temperature is over 260
o
C or radiation flux reaches 10kw/m
2
, it may catch fire. In 
addition, the key point in the research is for analyzing the fire hazard of fire spreading in the building 
instead of building structure. Therefore, it takes 260
 o
C and 10kW/m
2
 as the criteria to investigate the fire 
risk of the South Fukien Style Buildings. 
 
Case 1: the electric wires have been hidden in the upper beam, it may add the beauty of the appearance 
and reduce the mass of wire plug. However, the fire risk factors may be increased accordingly. In Figure 4, 
the Curve Diagram of Temperature Distribution, it is able to be seen that the temperature reaching 260
 o
C at 
580 seconds in the central main hall at 1.8 meters. The highest temperatures for other detection locations are: 
155
 o
C at 590 seconds in the right aisle of main hall at 1.8 meters; 147
 o
C at 590 seconds in the right aisle of 
main hall at 1.8 meters; 70
 o
C at 560 seconds in the right back door of main hall at 1.8 meters; and 74
 o
C at 
590 seconds in the left back door of main hall at 1.8 meters. The right door of main hall at 1.8 meters is far 
away from the ignition location and with less influence, the average temperature is below 30
 o
C 
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Figure 4: Case 1, Curve Diagram of Temperature Distribution 
 
 Figure 5: Case 1, Curve Diagram of Fire Source to 
Surrounding Radiation Flux Distribution 
 
As shown in Figure 5: the Curve Diagram of Radiation flux Distribution, it is over 10 kW/m
2
 around 
221 seconds in the central main hall at 1.8 meters; 10 kW/m
2
 around 229 seconds in the right aisle of  main 
hall at 1.8 meters; 10 kW/m
2
 around 222 seconds in the left aisle of main hall at 1.8 meters; 10 kW/m
2
 
around 297 seconds in the right door of main hall at 1.8 meters; 10 kW/m
2
 around 336 seconds in the right 
back door of main hall at 1.8 meters; 10 kW/m
2
 around 331 seconds in the left back door of main hall at 1.8 
meters. 
 
 Case 2: the arson case has caused more damage at the lower building; however, for whole space 
influence evaluation, the damage is less than Case 1. From Figure 6: Curve Diagram of Temperature 
Distribution, it is able to be seen that the temperature reaching 260
 o
C at 530 seconds in the central main hall 
at 1.8 meters. The highest temperatures for other detection locations are: 161
 o
C at 577 seconds in the right 
aisle of main hall at 1.8 meters; 158
 o
C at 575 seconds in the left aisle of main hall1at 1.8 meters; 64
 o
C at 
568 seconds in the right back door of main hall at 1.8 meters; and 107
 o
C at 597 seconds in the left back door 
of main hall at 1.8 meters. The right door of main hall at 1.8 meters is far away from the ignition location and 
with less influence, the average temperature is below 30
 o
C. 
 
As shown in Figure 7: the Curve Diagram of Radiation flux Distribution, it is 10 kW/m
2
 around 270 
seconds in the central main hall at 1.8 meters; 10 kW/m
2
 around 280 seconds in the right aisle of main hall at 
1.8 meters; 10 kW/m
2
 around 280 seconds in the left aisle of main hall at 1.8 meters; 10 kW/m
2 
around 330 
seconds in the right door of main hall at 1.8 meters; 10 kW/m
2
 around 330 seconds in the right back door of 
main hall at 1.8 meters; 10 kW/m
2
 around 330 seconds in the left back door of main hall at 1.8 meters. 
 
  
Figure 6: Case 2, Curve Diagram of Temperature Distribution 
  
  Figure 7: Case 2, Curve Diagram of Fire Source to 
Surrounding Radiation Flux Distribution 
 
It can be seen that from the curve diagram of temperature Distribution, in the central main hall at 1.8 
meters, there are altar and shrine, both of them are woods and flammable materials, the fire temperature is 
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higher, the other locations are without any flammable material, the temperature becomes lower; as for the 
radiation flux, it is not necessary to use a medium to transfer heat and the flammable materials are gathered 
in the central main hall, the radiant heat in the central area is higher, the other locations are with few 
flammable materials and gathered in the upper place, the radiation flux is lower accordingly. 
 
Comparing the two cases, ignition criterion is 260
 o
C, the temperature at 1.8 meters in the central main 
hall; on Example 1, ignition time of wood is 580
 
seconds, on Example 2, as the fire source is at the lower 
position, and owing to the heat buoyancy effect, the ignition temperature is at 530 seconds; if the ignition 
criterion is 10 kW/m
2 
radiation flux, as it does not need any medium transmission, Example 1 has reached 
the ignition energy at 221 seconds and Example 2 at 270 seconds. For these, it can be sure that the radiation 
flux has reached the ignition energy earlier than ignition temperature, on Example 1, it is faster as the fire 
source is on the upper place, and the fire risk is higher comparatively. 
 
Observing the simulation results of the two cases, from Figure 8 (A) and (B), as sloping roof is the 
character of the Southern Fukien Style Building, if the fire source is at the upper place, the heat is unable to 
spread around and to accumulate in the roof space, the wood materials are gathered in the upper spaces due 
to its building structure.  If a fire breaks out, the heat may accelerate pre-heating for flammable materials 
with the radiant energy feed back, the roof and the near spaces may reach flashover around 250 seconds; 
from Case 2: Figure 9 (A) and (B), it can be seen that ignition location is at the lower position, and the front 
main hall is an open space, the heat may spread around, and accumulate on the roof less accordingly, the 
time to reach the ignition temperature in the roof space is slower, and the pre-heating of the flammable 
materials at the lower place and the surroundings are slower as well, and then it may reach flashover around 
300 seconds. As the fire source is at the lower place, it may cause the heat effects in short time at 1.8 meters 
that hinder the people rescue and evacuation. 
 
 
Figure 8 (A): Case 1, Fire Spreading at 150 seconds 
 
Figure 8 (B): Case 1, Fire Spreading at 250 seconds 
 
 
Figure 9 (A): Case 2, Fire Spreading at 150 seconds 
 
Figure 9 (B): Case 2, Fire Spreading at 250 seconds 
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6.  Conclusion and Suggestion 
 
As the cultural awareness has been raised in Taiwan recently, many historical heritages are reused 
consequently. The use patterns are more and more diversified and complicated. Therefore, the historical 
heritages are under high fire risk situations; the South Fukien Style Building is the representative and unique 
one in Taiwan, and many of which are constructed and renovated in the same period of time, the ratios for 
this kind of buildings are quite a lot. 
 
It has been found out in the research that the Southern Fukien Style Building is with the sloping roof 
and the inter-connection of the upper space under the roof. If a fire occurs, it is easy to accumulate the hot 
smoke. Furthermore, the beam and pillar are in the upper space, and these may make fire spreading quickly. 
The more the fire location is near the roof and the less heat may diffuse, so it may gather in roof space and 
cause the fire to spread quickly, and then to cause the radiant energy feed back to the lower flammable 
materials and to shorten the flashover time. If the response time has been delayed, it may bring out serious 
damages and losses.  
 
For the above, in order to protect the Southern Fukien Style Buildings, reduce the losses and extend the 
response time, the first thing to be done is to remove the potential fire factors near the roofs to decrease the 
fire incident possibilities in the upper spaces. As it is showed in the research, the radiation flux is the main 
factor of fire propagation to put the fireproof paints on the wood materials under the reasonable situation and 
to reduce the radiant exposure possibilities, and it may be a way to slow down the fire spread and to extend 
the available response time.  
 
 
References 
1) Statistical Data, Bureau of Cultural Heritage, Ministry of Culture,  
from http://www.boch.gov.tw/boch/frontsite/cultureassets/announceTypeAction.do?method=doCreateType&menuId=309 
2) Chen, Hai-Shu.: The Necessity and Strategies of Fire Prevention Practice for Historical Buildings, Journal of Cultural Property 
Conservation, No. 9, pp. 5-12, 2009. 
3) John M. and Watts Jr.: Probabilistic Fire Models,  by A. E. Cote & J. L. Linville et al Eds., Fire Protection Handbook, 18th 
edition, NFPA, Section 11/Chapter 6, pp. 11-62~11-70, 1997.   
4) William D. Walton and Edward K. Budnick: Deterministic Computer Fire Model, by A. E. Cote & J. L. Linville et al Eds., Fire 
Protection Handbook, 18th edition, NFPA, Section 11/Chapter 5, pp. 11-52~11-62,1997.   
5) Feng. Yu-Ming.: Fire Hazard Analysis, Research Report of Atomic Energy Council, pp. 41, 2007. 
6) Architecture and Building Research Institute, Ministry of The Interior: Verification Guideline of Evacuation Safety 
Performance-based Design, p.15, 2004. 
7) Babrauskas, V., Ignition of Wood: A Review of the State of the Art, Interscience Communications Ltd., London, pp.71-88, 2001. 
8) Hung, Meng-Feng. Chen, Hong-Yuan. Chung, Ying-Ji. And Lin, Chin-Yuan.: A Research on Installing Wire Netting Coated with 
Intumescent Fire Retardant at the Outward Openings of Walls in a Building to Reduce Fire Spreading by Radiation Heat, Journal 
of the Chinese Institute of Civil & Hydraulic Engineering, Vol.22, No.3, pp.299-308, 2010. 
 
－256－
